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ENCAPSULATION OF PIN SOLDER FOR MAINTAINING 
ACCURACY IN PIN POSITION 

5 

FIELD OF THF. TNVFMTTnxj 
The invention relates generally to microelectronic circuits and, more 
particularly, to packaging of microelectronic circuits. 

10 BACKGROUND OF THF. T>JVFMTTnx T 

In many pin grid array (PGA) packaging processes, the pins are attached to the 
package substrate before the corresponding die is mounted. During the subsequent die 
attach process, the solder connecting the pins to the substrate can melt if the associated 
processing temperatures are too high. If the pin solder melts, the pins can wiggle and 

1 5 move out of the positional ranges required for socket insertion. To prevent the pin 
solder from melting, lower temperature solders have traditionally been used during die 
attach processing so that the melting temperature of the pin solder is not exceeded. 
However, it is becoming more popular to use higher melting temperature solders (e.g., 
lead free solders) during the die packaging process. The use of such solders makes it' 

20 increasingly difficult to avoid melting pin solder during packaging of microelectronic 



circuits. 



BRIEF PFSCRTPTTHN OF THF DT? AWTMr-.c 
Figs. 1, 2, 3, 4, and 5 are a series of simplified cross-sectional side views 
25 illustrating a method for attaching pins to a microelectronic package substrate in 
accordance with an embodiment of the present invention; 

Figs. 6, 7, 8, 9, and 10 are a series of simplified cross-sectional side views 
illustrating a method for attaching pins to a microelectronic package substrate in 
accordance with another embodiment of the present invention; and 
30 Figs. 1 1 and 12 illustrate a die attach technique that can be used in accordance 

with the present invention. 



DETAIT.Rn DE<:rT?Tp TIri , r 
In the following do.ai.ed description, reference is made ,„ the accompa„ ying 
drawings tha, show, by way of Oration, specific mbodiments .„ ^ J 
invention may be practiced. These embodiments are described i„ sufficient detail to 
enable those s ki „ed ,n ,hc ar, to practice the invention. „ is t0 be .. .ders.ood tha, ,he 

vano U sernb^i m e„,so ft heinve„tion,a,,h„„ gh difrere„ t ,ar e „„,„ecessa ri ,yr„u n ,al 1 y 
exdustve. For examp.e, a particuiar feahire, structure, or characteristic described 
heretnm connection with one embodiment may be denied within other 

., ,s to be understood tha, the ,„catio„ or a^gemen, of individual Cements within 
each disclosed embodiment may be modified without departing from the spirit and 

scopeoffteinvention.Ihefonowingdetaiiedde.riptionis.merefore.nottobetaicen 
■n a hmtting sense, and the scope of the present invention is deflned om 

appended claims, appropriately interpreted, along with the fu„ rangeof eouivatents to 
which the Cairns are entitled. In the drawings, like numerals refer to the same or 
similar functionality throughout the several views. 

Thepresen, invention relates to methods and stinctures tha, can be used to limit 
movement of the p,„s of a microelectronic package when pin solder melts during for 
example, a die attach process. A sotid materia, is used to surround the solder join, 
associated with a pin so that movement of the pin is constrained even when the solder 
melts. Thus, the pins remain in the positional ranges required f„ r socket insertio „ 

taoughoutthepacKagingpro^s.raeinventiveprinciplescanbeuse.inconnection 
withawide variety of microeiectionic devices that utilize pilK „„ a device package to 
prov.de electrical connection to an externa, circuit (e.g., devices using PGA's) The 
inventive pri„cip,es are particu,ar,y beneficia. for use in packaging processes that 
utilize high temperature (e.g„ lead free) solders during die attach. 

Fig, 1-5 are a series of simplified cross-sectional side views illustrating a 

method forat^chingpinstoapaclcagesubstiateinacc.rdancewithanemb.dimentof 
tepresen, invention. With reference ,„ Fig. ,,asubstra,e ,0 is provided tha, has pin 

a,,achco„,ac,padsl2disp„sedonasurface«hcreof.Asi,l U s fr a,edi„Fig.2,apo,ymer 
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—a, 14 (e.g., an encapsulation ^ fc ^ 

the subs^te ,0. Any of a varkty of oto deposWon « 

5 dispel, and Bta Iaminatio „. As ^ ^ fa /^ 

portion of ™1 • * ' °" e approach - a se Pa™e 

s~ T" r 14 ,s appM to each individuai «— « - 

Pa . „ predefine, ^p, In ye , ^ ^ 

,sused,ocove r a I ,o fth eco„ l ac 1 pads I2 o nUl e S uos trat e I 0. Asw,Tb 
.0 apprecrated, the invention is not limited by ^ ^ 

polymerma 1 eriaI14i„ t hedesiredpi„l 0 eati„ns. 

Afterthepolymerrnateria! 14 has been deposited, soiderbails ^(orasimilar 
form of s„,de r e,e m e„„ are piaced int0 te polyDler ma , ena] „ < ™* 

» Z^***"*'-*-..*-*^ moneapprolt 

I n!" """" aPPr0aCh ' m0 " en «"* * *** «*> «« Poller 

n. <ena, ,4 ,„ the desired ioeations. ,f openings or depressions are providl 

poiymer matenai 14, the soider „a„s to may be deposited into t he opening 

22::; a preftmd ~~ - ° f - - - « - i- 

A «-*e S o H erbal 1 s 1 6arei„p I ace,, ll epi„s 1 8area ta ebed. AsshowninF.g 
4.no„eernbodin,en 1 ,,hepi„ sl Sa I e,oade,i„,„a j i g2 0, h a, hol ds«hepi„sI 8 i„ fi ^ 
ea o ,o 0 , t s h o U ,dbeap P recia t ed tat i„divid M , P ,ace: nt o f the^ 

" ; 7 ( " P ' aCemen, Wi,hou, fte ~ of j » «— » w^e 

Ill 00,1—8 ^ ^ ^ «— * * *~ '° 

^pnarerernperarnre^^^^^^^^ 

.0. In one approach, the force of gravity is all that is used, m another approach, t 
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eachpn ■ 8 wets me corresponding contact pad , 2 , ratherthansimply 
fcepolyrnermaten,, „ W**,*^ ^ 2 

s :„r::: f,hejig2o ; ,,mwesto ™ d -*-'»- r 

whch^e.hepo^er^a.Mcures. After sufficient cooling has occurred ft 
Jig 20 is removed and the assembly of Fig 5 results Ac ni„„ , , • „. 
18is C „,,nlM,„ . 5 results. As illustrated m Fig. 5, each pin 

8 scoupledtoacontactpad UatacorrespondmgsoMerjomt*. s " 
PO ymermatena, "«-^^^ j o ta24iB . 1Dmlil-waI( Ji 

one that allows a pm ,S and its assocated so,der t0 „ ^ ^ 

15 ai:,::;r, ,sapp,ied,asshow,,inFi8 - 4 - ^"^M—be 

matenal Utat, once cured, wil, maintain ils shape and statural integrity even if 

poller matena, ,4 is used tha, a,so has fluxing capabilities ,„ facihtate ,h 
wth flux ,„ g capabllitjes may djspense wjih ^ 
20 matena, du„„ g me pin attach process, thus reducing assocated ZsZZ l 

-fte P o. y merma,e„a, 1 4.Hesema,ena,scaninc, U de,forexamp l e,Coo k so„207,E 
QuestechEF71 or LF-8, Advanced Polymer Solutions (APS) TJFR 1 0 to^T K t 

So,derSE-ClM®9 1 0,,Emerson & Cumi„ gRW1 00 , „ ' ' " 

25 Loc.i,eFF2000andFF2200. "'"^-'OM.SumotomoCRP 4700, and 

method^' TlT " ^ """"^ C '~ Ma, ^ »«* * • 
««h*d for attachmg pms to a package substrate in accordance with another 

embodnnen, of the present invention. With reference to Fig. « a subsl^I 
provided tha, has pin attach contact pads 32 disposed on a V u 
30 h,,™ , • apposed on a surface thereof. Solder 

bumps 34 (or s,mi,ar solder structures) are deposed on the contact pads 32, I 
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illustrated in Fig. 7 (alternatively, the solder can be applied to the contact surfaces of 
the pins 36 or to both the pins 36 and the contact pads 32). With reference to Fig. 8, 
the pins 36 are loaded into a jig 3 8 that is placed over and aligned with the substrate 30 
(individual pin placement is also possible). The assembly is then heated to an 
5 appropriate temperature and a force 40 is applied to the jig 38 in the direction of the 
substrate30. As before, the force 40 can be gravity or an externally applied force. The 
assembly is then allowed to cool and the jig 38 is removed, resulting in the structure of 
Fig. 9. As shown in Fig. 9, each of the pins 36 is conductively coupled to a contact pad 
32 at a corresponding solder joint 42. As illustrated in Fig. 10, an encapsulation 
1 0 material 44 is next applied to the assembly in a manner that enshrouds the solder joint 
42 associated with each pin 36. The encapsulation material 44 is then allowed to cure 
to a hardened state before subsequent processing steps are undertaken. Similar to the 
previous embodiment, the hardened encapsulation material 44 will constrain the 
movement of the pins 36 should the associated pin solder melt during subsequent 
15 processing. 

Any of a wide range of encapsulation materials 44 can be used in the above- 
described process. In one approach, for example, any of the materials normally used 
as underfill in microelectronic assemblies may be used as the encapsulation material 
44. This can include, for example, epoxy materials, polyimide materials (e.g., 
20 SPARK®), Dow Chemical BCB (e.g., Cyclotene®), Dexter CNB 868-10, and SEC 
5230JP or 51 14. In another approach, an injection molding compound is used as the 
encapsulation material 44. As illustrated in Fig. 10, in at least one embodiment, the 
encapsulation material 44 is selectively applied to the solder joints of the individual 
pins 36. This can be accomplished using, for example, a liquid dispense process to 
25 deposit the encapsulation material 44. A number of other deposition techniques may 
alternatively be used to deposit the encapsulation material 44 including, for example, 
injection molding, spray coating, film coating, and others. In another approach, a 
single layer of encapsulation material 44 is used to enshroud the solder joints 42 of all 
of the pins 36 on the substrate 30. Other techniques are also possible. 
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After the pins of a microelectronic package have been attached to the package 
substrate, the microelectronic die can be attached to the substrate. Often, the pins will 
be attached by a package vendor while the die is attached by the microelectronic device 
manufacturer. Other scenarios are also possible. Figs. 11 and 12 illustrate one possible 
5 die attach process that can be used in accordance with the present invention. It should 
be appreciated that many other die attach techniques can alternatively be used. As 
illustrated in Fig. 1 1, a substrate 50 is provided that already has pins 52 attached to a 
first surface thereof. The substrate 50 also has a number of die attach contact pads 54 
disposed upon a second surface thereof. A microelectronic die 56 is provided that 
10 includes a number of pads 58 on a surface thereof The pads 58 on the die 56 can 
include, for example, solder bumps that are attached to underlying bond pads on the die 
56. In at least one embodiment of the invention, a high melting temperature, lead-free 
solder is used to connect the die 56 to the substrate 50. As illustrated in Fig. 1 1, the die 
56 is positioned above and aligned with the substrate 50. The temperature of the 
1 5 components is increased to an appropriate level (typically a fixed amount higher than 
the melting temperature of the die solder) and the die 56 is brought into contact with 
the substrate 50 so that the pads 58 on the die 56 are coupled to corresponding contact 
pads 54 on the substrate 50. The assembly is then allowed to cool. As illustrated in 
Fig. 12, an underfill material 60 may be injected into the die interconnect region to 
20 provide additional structural rigidity to the assembly. 

Although Figs. 1-12 illustrate various views and embodiments of the present 
invention, these figures are not meant to portray microelectronic assemblies in precise 
detail. For example, these figures are not typically to scale. Rather, these figures 
illustrate microelectronic assemblies in a manner that is believed to more clearly 
25 convey the concepts of the present invention. 

Although the present invention has been described in conjunction with certain 
embodiments, it is to be understood that modifications and variations may be resorted 
to without departing from the spirit and scope of the invention as those skilled in the 
art readily understand. Such modifications and variations are considered to be within 
30 the purview and scope of the invention and the appended claims. 
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